
December 15, 1943 A N A L Y T I C A L  E D I T I O N  75 1 

gas into which they are projected. Langmuir suggested to the 
authors that if the mercury vapor stream were deflected and 
condensed a t  a definite point below the jet and inside the con- 
denser, any observed volume change should be diminished. They 
are indebted to him for the suggestion of sealing an additional 
water-cooled tube into the condenser to accomplish this purpose, 
as shown by the heavy butlined portion of Figure 1. This modi- 

11, the lower distillation rate, corresponding to 240 watts. Curve 
I11 is for a similar system employing the modified diffusion 
pump. Determined volumes of the system are better reproduc- 
ible and the maximum deviation of the mean volume as the 
pressure is lowered to 0.01 mm. of mercury is less than 10 ml. 
Of further importance is the fact that the data a t  three distilla- 
tion rates practically coincide. 

fication definitely improved the reproducibility of calculated 
volumes a t  various pressures without impairing the pumping 
performance. Furthermore, the measured volume was now in- 
sensitive to mercury distillation rates. 

I and I1 represent differences in calculated volumes as a function 
of gas pressure employing the conventional design of pump. 
Curve I is for the higher mercury distillation rate corresponding 
to 323 watts supplied to the electric resistance heater; and curve 

(1) 

The comparative results are shown in Figure 2. Curves (2) 
(3) 

(4) 
(5) 
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Modified Amino Nitrogen Apparatus for 
Insoluble Proteins 
DAVID G. DOHERTY AND CLYDE L. OGG 

Eastern Regional Research Laboratory, Philadelphia, Penna. 

An auxiliary reaction chamber for use with a manometric Van Slyke 
apparatus is described. The apparatus enables one to determine easily 
the rate of liberation of amino nitrogen from insoluble proteins and 

thereby to determine their free amino nitrogen content. 

INCE the chemical modification of proteins frequently in- S volves the free amino groups, i t  is advantageous to be able 
to determine the free amino nitrogen remaining after chemical 
treatment. Most of the protein derivatives are insoluble under 
the conditions of analysis, and some have a rather low free amino 
nitrogen content. The limitations of the Van Slyke method 
(7) are well known and have been summarized by Richardson 
(6). Its application to insoluble proteins has offered additional 
difficulties in the introduction of the sample into the reaction 
chamber and the selection of the time of reaction. Several 
means for solving these difficulties have been suggested (I,,?, 3 ,6 ) .  
Kanagy and Harris ( I )  have shown that an arbitrary reaction 
time may not give the correct value for free amino nitrogen in 
proteins and have utilized the rate of evolution of amino nitrogen 
to determine the free amino nitrogen present. Rutherford, 
Harris, and Smith (6) using a modified Shepherd gas analysis 
apparatus extended this method. 

It seemed worth while to use this principle with an apparatus 
that was simpler and more adapted to routine determinations. 
With these requirements in mind an accessory reaction chamber 
for use with a standard manometric Van Slyke apparatus was 
designed which will permit introduction of large samples of solid 
material, removal of the gas evolved a t  stated intervals, and easy 
cleaning of the chamber a t  the end of the analysis. The cali- 
brated Van Slyke extraction chamber is used only for measure- 
ment of the nitrogen evolved. The amino nitrogen content of 
several proteins and substituted proteins was determined with 
the aid of the auxiliary chamber. 

Apparatus and Reagents 
Figures 1 and 2 show the details of the auxiliary chamber and 

its relation to the Van Slyke apparatus. The chamber was 
constructed from a 34/45 standard taper ground-glass joint and 

mounted on a plate fastened to the extraction chamber carrier 
of the Van Slyke apparatus. The outer top half was constricted 
and sealed to a three-way 1-mm. bore capillary stopcock, A ,  
fitted with a cup and a bent side arm similar to the stopcock of 
the Van Slyke extraction chamber. The inner bottom half waa 
also constricted and sealed to a piece of 5-mm. bore heavy- 
walled tubing long enough to reach the pivotal point of the ex- 
traction chamber cqrier. A yoke was fastened to each half of 
the chamber, and two connecting springs were provided to keep 
the chamber together. A 5-mm. bore stopcock, B,  was fastened 
to the base of the Van Slyke apparatus and connected to the 
chamber with a piece of heavy-walled tubing, A 250-cc. leveling 
bulb was connected to B through a length of heavy-walled nitrom- 
eter tubing and hung in one of two rings on an adjacent ring- 
stand. Sufficient mercury to fill the chamber and one third of 
the leveling bulb was added. The rings were arranged in such 
a manner that with the bulb in the lower rin the mercury level 
was slightly above the 5-mm. bore tube an8 with the bulb in 
the upper ring the level was 10 cm. above the top of the chamber. 

The reagents used are a solution of 40 grams of sodium nitrite 
in 50 cc. of water, glacial acetic acid, a saturated solution of 
sodium acetate, and capryl alcohol. Rutherford, Harris, and 
Smith (6) have shown that addition of sodium acetate decreases 
the size of the blanks, The standard manometric Van Slyke- 
Hempel pipet is filled with a solution of alkaline permanganate 
consisting of 50 grams of potassium permanganate and 25 grams 
of potassium hydroxide made up to 1 hter wlth water. The 
ground-glass joint of the chamber is well lubricated with a stiff 
vacuum grease before being assembled. The samples used are 
all ground to SO-mesh in a Wiley micromill, and the moisture 
content is determined at  the time of analysis. The amount of 
protein used ranges from 0.5 to 1 gram. 

Experimental Procedure 

An excellent description of the care and use of the manometric 
Van Slyke apparatus has been given by Peters and Van Slyke 
( 4 ) .  One familiar with the standard manometric amino nitrogen 
determination may proceed with the modified method as follows: 
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FIQURE 1. REACTION CHAMBER ATTACHED TO TAN SLYKE APE 

Slyke extraction ohe 
eury is set at the 50-1 
is removed, the mer, 
chsmber and stopec 
protein i's introduced 
2.0 ml. of saturated 
capryl alcohol. Th< 
stopcock A and the 
The side arm of A is 
pump started, and 
chamber. The evac 
chamber is shsken th 
air from the mixture 
shaking is then stop1 
connected. 

Four milliliters of i 
rup and r u m  into thc 
admit no air. The < 
wit!. I ml. of m a w .  
depiiding upon the 
thvn dirrontmurd a 
clwnbrr st an p..m I 

mercury level in the rl~mbbrr (9 lowered 
until ii is even wi th  tlic boltom. U is then 
rlrwd. The nurified nitroem in the Hemwl 
pipet is tranderred to the-calibrsted extrk- 
tion chamber and measured in the usual 
manner. 

Successive samples of K:SS are removed by 
the same procedure, t h  chamber beid 
shaken for 10 minutes just rim to removaf 
The most effective controf of liquids and 
gs sa  is obtained through mani ulation of 
the Row of the mercury through i. 

Blank determinations were run in B similar 
manner, the protein being omitted. Selected 
time intervds generally were 10 minutes, 
30 minutes, 1 hour, and each succeeding 
hour, the time being taken from the 
moment the sodium nitrite was added to 
the mixture. If the protein clings to the 
walls of the chamber when the mercury is 
lowered after a sample of gas bas been 
removed, it msy be dislodged by shsking 
the chamber while the mercury level is be- 
ing lowered. The pressure readings obtahed 
were corrected hy subtracting a blank value 
for 8 similar time interval. The rate curves 
were obtained hy plotting the total amino 
nitrogen lihersted, in milligrams per gram 
of dry protein, against time. Duplicate 
values obtained from several proteins, 
modified proteins, srginine, and a-beneoyl- 
arginine amide by extrapolstion of the 
secondary portion of the curve to zero time 
are given in Tshle I. 

, .  

I Discussion 

.. 

Determinations were ~n in duplicate, and 
the rate curves far proteins and derivatives 
(Figure 3) plotted 88 previously described. 
The mtio of amino nitrogen to tots1 nitmgen 

,u"lir, Y"C "*"p"""!x 1s UilUW" ann %ne mer- 
nl. mark, 
oury level set even with the bottom of the 
Sck B closed. The weighed sample of solid 
I, followed by 2.0 ml. of glacial acetic acid, 

I ~ ~ ~ ~ ~ : c ~ t a ~ ~ ~ ~ ~ ~ ~ ~ ~ d t ~ ~ d ~ ~  ''i 
capillaly of the cup BE filled with water. 

i oonneoted with a high-vacuum pum the 
A turned to  canneot the pump wit? the 
:uation is continued for 2 minutes. The 
roughout this eriod to facilitate removal of 
and prevent t t e  formstion of a cake. The 
Ed, A is closed, and the vacuum line is dis- 

The top of the ohamber (Figure 4). The determinations were reproducible within the 
same limits of error as the manometric Van Slyke amino nitrogen 
determination (4). The values for the free amino nitrogen con- 
tent of the proteins and derivatives in Table I were found by 
extrapolation of the secondary portion of the rate curve to  zero 
time. This extrapolation is illustrated by the gelatin curve in 
Figure 3. The values 0811 also be determined by calculation. . - . . . . .. w n g  the strmght-hne equawon: 

y = m + b  

sodium nitrite solution are pi tted into the 
chamber by turning A, eare%ing taken to 

T$zi :ki:z ~ f ~ ~ ~ k ~ ~ ~ ~ ~ $ ~ ~ i ~ ~ ~  
amount of gas evolved. The shaking is 

nd B is o ened to  admit mercury to  the 
'ate. Theyeveling bulb is raised to  the high 
in the chamber under positive presswe. A M d o .  dry mb8honc. 
ter are plsced in the cup, and the tip of a 

then slowly opened admitting meroury to  

i 

T - ~ E  I. FREE AMINO NITROGEN CONTENT or YOME PROTEINS 
AND DERIVATIVES DETERMINED AT 2223' C. 

Amino Nitrogen 
(Duplicate Determmstiond Substanas 

3.30 8.36 

1.00 
8.40 

essed in glace. The Hempel stopcock is 2.90 2.96 

:ing !he evplved gas'into the Hempel pxpet. ~ ~ ~ ! l  o.aein' 0.20  

le tip wit the bulb, B is closed, and A is Gelstin (Eastman Kodak CO.) 8.70 8.74 

i:is Zein (Corn Prodvcta Reflning Co.) 

ring to lam the gas 
few mi&itew of wa 
Hempel pipet is pr 
turned to connect tl 
opened wide. B is 
the ohamher and fan 
B is closed when the reaction mixture IS even mth the bore of A, 
The Hempel stopcock is turned to  the off position, tht 
bulb placed in the low ring, and B opened and the 
The Hempel stopcaok is turned to connect the cup wit 
and B is opened slowly, allowing the gas in the Hempel 
to be drawn back into the chamber along with enough 

D
ow

nl
oa

de
d 

by
 U

S 
D

E
PT

 O
F 

A
G

R
I 

M
A

ST
E

R
 o

n 
Ju

ly
 2

3,
 2

00
9

Pu
bl

is
he

d 
on

 M
ay

 1
, 2

00
2 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
i5

60
12

4a
01

7



December 15, 1943 A N A L Y T I C A L  E D I T I O N  153 

where y is the total milligrams of nitrogen per gram of dry protein 
obtained in time z, M the milligrams of nitrogen obtained per 
hour when the rate has become constant, and b the amount of 
free amino nitrogen initially present. 

To achieve reproducible results and a rate curve capable of 
analysis by these methods, it is important to prevent the forma- 
tion of aggregates in the chamber when the reagents are added. 
The material in the lumps so formed is not readily accessible to 
the action of the reagents and consequently evolves nitrogen 
slowly. The rate curve plotted from the values obtained in this 
instance has no definite change in slope and cannot be extrapod 
lated in the usual manner to obtain an amino nitrogen value. 
This factor of aggregation is also of importance when the solution 
of a protein which is precipitated under the conditions of the 
analysis is admitted into the chamber. Thus the curd formed 
by an alkaline casein solution gave an indecisive rate curve 
similar to those obtained when aggregates of solid material were 
present. The use of a finely divided casein, well shaken to pre- 
vent the formation of lumps, obviated this difficulty. An 
examination of the curves obtained for the various proteins 
shows that one cannot arbitrarily select any reaction time that 
will be valid for different substances and conditions of analysis. 
Once the technique of handling this modified apparatus is ac- 
quired, the time required for the removal and measurement of a 
sample of gas-about 5 minutes-is approximately the same as 

- - ~ - -J STANDARD VAN SLYKE APPARATUS * 
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FIGURE 3. RATES OF EVOLUTION OF NITROGEN 

FROM VARIOUS PROTEINS 
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FIGURE 4. RATES OF EVOLUTION OF NITROGEN 
FROM ARGININE AND P-BENZOYLARGININE AMIDE 

in the standard Van Slyke determination. Since the reaction 
chamber is easily accessible and can be taken apart, it  can be 
quickly and thoroughly cleaned a t  the end of each determination. 

Summary 
A simple apparatus for the routine determination of amino 

nitrogen of insoluble proteins and protein derivatives has been 
described. The rate of evolution of amino nitrogen from some 
insoluble proteins and protein derivatives was determined with 
this apparatus. The curves obtained by plotting the amino 
nitrogen content against time are similar to those obtained by 
Rutherford, Harris, and Smith (6) using a modified Shepherd gas 
analysis apparatus. 
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